Working under Different Stress Conditions: TangChun WU et al. Institute of Occupational Medicine, To n g j i M e d i c a l U n i v e r s i t y -M a n y h a r m f u l occupational factors induce the stress response and result in both the induction of heat stress proteins and the inhibition of the synthesis of other cellular proteins. Since amino acid levels are intimately linked to protein synthesis, we examined the free amino acid levels in the plasma of workers subjected to prolonged exposure to heat, carbon monoxide (CO) or both. The results showed that the levels of most amino acids tended to increase in the plasma of workers in stressful environments, and that free methionine and tryptophan increased significantly (p<0.05) in the heat, CO, and heat+CO groups when compared to a control group. The largest increase was seen in the heat+CO group, followed by the heat group, and finally the CO group. The changes in plasma free amino acid levels in the stress-exposed workers correlate to the induction of heat stress proteins. These findings suggest that the regulation of plasma amino acids levels, by preventing amino acid accumulation possibly resulting from a decrease in the rate of protein synthesis following exposure to stressors, may help to protect workers from these extreme conditions. (J Occup Health 1998; 40: 203-206) 
Organisms ranging from bacteria to humans respond to high temperatures by inducing the synthesis of a group of proteins known as heat shock or heat stress proteins (HSPs) and by reducing the rate of synthesis of most other proteins. The synthesis of HSPs is not only induced by heat but also by a variety of other physiological stresses such as ischemia and low pH, and by environmental stressors such as ethanol, carbon monoxide, nicotine, H 2 O 2 , benzene, mutagens, carcinogens, teratogens, dusts, drugs, ultraviolet light, amino acid analogs, heavy metals, free radicals and others [1] [2] [3] . Many of the environmental stressors are commonly found at high levels in the workplace.
The HSP70 family, a major group of HSPs, consists of a group of stress proteins whose molecular weights range from 65 to 80 kDa 1) . At least four genes make up the HSP70 family, HSP71, HSP73, GRP75 and GRP78 4) . HSP71 is the main heat stress protein and has been shown to have many important functions. For example, HSP71 may confer to organisms the ability to recover from stress, and it has also been shown to protect organisms against damage from heat or other harmful factors by raising the cellular resistance to these harmful factors 5, 6) . Moreover, HSP70 functions as a molecular chaperone, facilitating the synthesis, folding, assembly and intercellular transport of many proteins 7) ; this ability has been linked to thermotolerance and resistance to toxicants. Therefore, it is of interest to study the roles of HSP70 in the protection of workers exposed on a regular basis to environmental stressors such as high temperature in the workplace.
Environmental stressors have been shown to induce the heat shock response, including the induction of HSPs and the reduction of normal protein synthesis in workers 8) . Since the levels of free amino acids are intimately linked to protein synthesis, whether and how the stress response observed in these workers results in changes in levels of free amino acids in the plasma of workers is of interest. We investigated these effects in workers suffering longterm exposure to high temperature, CO, or both.
Materials and Methods
Subjects and environmental conditions: Twenty workers selected from four workshops of a steel company located in Hubei province were divided into four groups of five according to the different environmental conditions of the workshops: control, high temperature (heat), carbon monoxide (CO), and a combination of high temperature and CO (heat+CO). The workers were selected based on a specific set of criteria. They were males (few female workers are found in these workshops) of 40-42 years of age, had been working for 20-22 years, had a health checkup in the last two months, and had no obvious diseases or history of diseases. The workers in the high temperature group worked in steel rolling mills, exposed daily to a temperature around or above 43°C. The CO group worked at a gas production division of this company and were exposed to 130 mg/m 3 of CO and to various phenol derivatives. The heat+CO group worked in a steel-refinery using coal gas and were exposed to both high temperature (about 41°C) and 11 mg/m 3 of CO as well as various phenol derivatives. The control group worked in a mechanical machining workshop, where there were no potentially harmful factors such as those found in the other groups.
Determination of environmental conditions of workshops: Dry and wet temperatures and black globe temperature were determined with dry and wet ventilated thermometers and globe thermometers. The CO concentration was detected with a gas chromatograph (Model 106, Shanghai). The measurement of temperature and sampling of CO were performed nine times, at 10 a.m., 3 p.m. and 5 p.m. for three consecutive days. Blood samples were collected on the second of these days.
Analysis of plasma free amino acids in workers: Venous blood was obtained at 9 a.m. and heparinised. Plasma (0.5 ml) was obtained and immediately added to a tube containing 2.0 ml of 8% sulfosalicylic acid and vigorously vortexed. The tube was centrifuged at 3,000 g for 5 min and the supernatant was transferred to a fresh tube for a further centrifugation at 12,000 g for 30 min. Finally 100 µl was used directly in a Ri-Li 835-50 amino acid analyzer. Amino acids were identified according to column retention times 9, 10) . Statistical analysis: Statistical analyses were performed with the Statistical Analysis Software (SAS) package 11) . Values differing by p values smaller than 0.05 were considered statistically significant.
Results

Environmental conditions in the workshops:
The workshops were chosen and grouped according to the known different environmental conditions to which workers were exposed. The results determined for three consecutive days are shown in Table 1 . Compared to the control group, the environmental temperature was significantly higher in the heat and heat+CO groups (p<0.01), whereas that in the CO group did not differ from the control group value. The concentration of CO was significantly higher in the heat group (p<0.05), the CO group (p<0.01) and the heat+CO group (p<0.01) when compared to the control group. There was a considerable difference in the CO levels in the different groups, significantly more being found in the CO group than any other (p<0.01).
Levels of plasma free amino acids in workers:
The concentration of plasma free amino acids in the four groups is presented in Table 2 . Most plasma free amino acids in the three exposed groups were found at higher levels than in the control, though the differences are not statistically significant. Free methionine and tryptophan levels were significantly higher (p<0.05) in the exposed workers than in the controls. The levels of Ser and Leu in the CO group were significantly lower than those in the heat and heat+CO groups, whereas Pro levels in the CO group were significantly higher than in the heat and heat+CO groups (p<0.05). The plasma concentrations of Gln, Ile and Arg in the heat+CO group were significantly higher than those in the heat group (p<0.05).
Discussion
Since the first report of a heat shock response in Drosophila in 1962 12) , a great deal of research has been done on the cellular response of higher organisms to stress. The stress response is not peculiar to fruit flies; instead, it is shared by all organisms from bacteria to man. After three decades of intensive study, we now know this stress response to be a vital homeostatic mechanism that seems to enable cells to survive under a variety of environmental stresses and adverse physiological conditions [1] [2] [3] 8) . The experimental advantages of studying the effects of controlled temperature shock on isolated cultured animal cells, yeast and bacteria have enabled major advances in our understand of the stress response, but experiments on whole organisms, notably humans, are difficult. Most mammalian cells exposed to sublethal hyperthermia show signs of increased synthesis of HSPs and reduced synthesis of most other proteins, a typical heat shock response 1, 2) . The HSP70 family is the major heat shock protein family, and includes HSP65, HSP71 and HSP73. Several studies have shown that the thermosensitivity of cells is altered when the expression of HSP70 is enhanced or reduced. For example, Angelidis et al. 13) and Li et al. 14) showed that the transfection of cells with HSP70 expression vectors renders cells thermotolerant. Riabowol et al. 15) also reported that the microinjection of a monoclonal antibody to HSP70 renders fibroblasts thermosensitive. Furthermore, many papers have reported that HSP70 plays an important role in protecting organisms against the damage from other stressors. For example, Hotchkiss et al. 16) discovered that the induced synthesis of HSP70 could protect mice against the lethal effects of endotoxin, and Currie et al. 17) showed that the expression of HSP70 in myocardium from hyperthermiatreated rabbits related to decreased tissue necrosis and samples from the control group. In decreasing order, the levels of free amino acids were highest in the heat+CO group, the heat group and the CO group. Compared to control plasma, long term exposure to heat correlated to significantly higher levels of Ser, Met, Lys, and Trp, and significantly lower levels of Arg and Pro. A number of reasons could explain the higher levels of amino acids in the plasma of high temperature-exposed workers: 1. When workers respond to heat (the best inducer of HSPs), HSPs are induced and the synthesis of other proteins is inhibited 2, 18) . Although HSPs are strongly induced, they make up less than 1% of all proteins 18) . The inhibition of the synthesis of other cellular proteins might thus lead to a relative surplus of amino acids, and a subsequent increase in their free plasma levels. 2. The major HSP, HSP70, contains relatively little Met and Trp (9 and 3 amino acids of a total of 641, respectively) [19] [20] [21] . The use of amino acids for the synthesis of HSP70 under stress might then utilize less of these two amino acids, accounting in part for their relatively high levels. 3. It is possible that differences in the workers' diet could account for some of the observed differences in plasma free amino acid levels, but the similar socio-economic situation of all workers in the study suggests that this is not a major factor. The amino acid profile in workers subjected to long term exposure to CO and phenol derivatives in the Table 2 . The concentrations of free amino acids in plasma of workers with prolonged exposure to heat, carbon monoxide or both better recovery from ischemia during occlusion/reperfusion in rabbits. The exposure of workers to stressful factors has been shown to induce the synthesis of heat stress proteins and inhibit the synthesis of normal proteins 8) . It is therefore of interest to investigate whether the prolonged exposure o f w o r k e r s t o s t r e s s f u l environmental factors results in changes in the levels of plasma free amino acids, which are intimately linked to protein synthesis and degradation.
In order to establish whether different stress conditions cause changes in amino acids in plasma of workers, we analyzed plasma from workers exposed to heat, CO or both for over twenty years. The results show that most plasma free amino acids tend to be found at higher levels, and free methionine and tryptophan significantly so, in the heat, CO, and heat+CO groups, when compared to CO group was similar to that in workers exposed to high temperature, though the differences were generally not as large in the control group. A possible explanation of the differences between the heat and CO groups is that CO is a weaker inducer of the heat shock response, leading to weaker HSP synthesis and a smaller decrease in the synthesis of other cellular proteins 2) . Generally the highest levels of plasma free amino acids are seen in workers with long-term exposure to both heat and CO. Significantly higher levels of Ser, Met, Ile and Trp were observed in plasma from workers in this group. Although we have previously shown synergism of high temperature and CO in the accumulation of HSP70 mRNA and protein 21) , no synergism of the stressors in the levels of plasma free amino acids was seen here.
Overall, these data show significant changes in plasma levels of free amino acids in workers subjected to stressors known to induce the heat shock response. The observed changes are consistent with the stress response, characterized by the synthesis of specific stress proteins but an overall decrease in protein synthesis. Taken further, our results suggest that the induction of HSP70 coupled with a prevention of the stress-induced inhibition of overall protein synthesis may be of value in the protection of workers from extreme environments.
